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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

Tfor the
Air Materiel Commasnd, Army Air Forces
FORCE TESTS OF THE BOEING XB-U7 FULL-SCALE EMPENNAGE
* IN THE AMES 40- BY §0-FOOT WIND TUNNEL
} By Lynn W. Hunfén

SUMMARY

A wind-tunnel invesbtigation of the Boeing XB-47 full-
scale empennage was conducted to provide, prior to flight
testes, data required on the effectiveneas of the elevator and
rudder. The XB-47 airplane 1s a Jet-propelled medium bomber
having wing and tall eurfacee swept back 35°. The invegti-
gatlon included teats of the effectivenegs of the elevator
with normal straight sides, with a bulged trailing edge, and
with a modified hinge~line gap and tests of the effectiveness
of the rudder with a normal stralght-sided tab and with a
bulged tab. .

INTRODUCTION

The Boeing XB-U7 airplane is a Jet-propelled medium
bomber with swept-back winge and tail surfaces. In view of
the lack of available flight data on swept control surfaces,
the Air Materiel Command requested that tests of the effective-~
nesg of the elevator and rudder be conducted in the Ames
40— by #0-foot wind tunnel prior to the initial flight test
of the firet exverimental bomber. For the investigation the
contractor sunplied a special model of the tall assembly
incorporating the actual tail surfaces from the existing
experimental XB-47 airplane.

The results pregented hereln include the effectiveness
of the elevator for a range of attitudes of the horizontal
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gtabilizer and the effectiveness of the rudder at various
angleg of sidesglip. :

SYMBOLS
The symbols used in this report are defined ae follows:
or, 11ft coefficient (lifﬁ
a5y
Cvy side~force coefficient (side :orae)
Sy horizontal~tail area (268 sq ft)
Sy vertical-tall area (219.7 59 £t)
q free=stream dynamic preeﬁgge pounds per square foot
au geometric angle of attack of ;;; fuselage reference
iine relative to tunnel center line, degrees
a true angle of attack of the fuselage reference line
relative to alr stream, degrees
B sngle of sideslip, degrees
Se elevator deflection, degrees
8y rudder deflection, degrees
&% tab deflection, degrees
MODEL

Pregented in figure 1 is a three-view drawing of the model.
The body, whlch was of a reinforced steel shell construction,
was deslgned and bullt by the contractor to simulate the tail
cone of the XB-U7 airviane, On this body were mounted the
actual horizontal and vertical tail surfeces from the first
experimental XB-L7 airplane. The installation of the model in
the tunnel test egcction is shown in figure 2. Due to the
height of the vertical tall, the model had to be mounted
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approximately 7 feet below the center line of the air streanm
in order to obtain the desired angle-of-attack range. Such

a deviation from a normal test installation required a speocial
set of support struts as shown in figure 2. Since the drag
forces in this investigation were of 1ittle importance, no
attenpt was made to shleld these special strutes with fairings.

The elevator and rudder were both constant-percent chord
(0.3c} with an internal balance panel linkage as shown in -
figure 3, Both the horizontal and vertical surfaces employed
an NACA 65010 airfoil section (measured parallel to wind axis)
with cusps removed. The control-surface movement and position
indication were effected by elsctric asctuators and selsyns
which were installed in the control system., Deflections of
the right elevator tab (left tab locked in neutral for all
tests} were obtained by locking the tab in various fixed
positlons. The rudder tab, however, was controllable remotely
with an actuator. The modificationg tested included a bulged
trailing edge and a reduced hinge-line gap on the elevator and
a bulged tab on the rudder. Detalls of these modifications
are glven with the test results.

TESTS AND RESULTS

The force tests were run at a dynamie pregsurs of
30 pounds per square foot which corresponds to an airspeed
of about 110 mliles per hour at standard sea-level conditions
(Reynolds numbers of approximately & X 10% and 12 X 10° for
the horizontal and vertical surfaces, respectively, beased on
the mean chord). The investigation consisted of two parts:
(a) effectiveness tegts of the elevator with several different
modifications; and (b) effectivengss tesgs of the r%dder at
4 angles of sideslip (-0.3°, -3.4°, -6.3°, and ~9.8°) with
both a plain and a bulged tab. All force data are presented
with reference to the vind axes, A sketch showing the
positive directions of the forces i1s given in figure 4, All
data presented as a function of angle of attack « have
been corrected for stream angle inclination (0.OU° up-flow)
and for the influence of the jet boundary as follows:

s
ap = & -g O, 57.3
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where

8w boundary-correction factor (0.11)

Sy horizontal-tall area (268 sq £t)

¢ croge sectionsl area of tunnel (2856 sq ft)

All other data obtained at various fixed attitudes of the tall
surfaces (horizontal and vertical) are presented herein at the
particuler geometric angle of attack a,; with no correction
for the aforementioned effects. Although the vertical surface
tip was rather close to the tunnel wall, no boundary correction
haeg been epplied to the measured angle of sideerlip B , since
no religble wall correction wae available for such an unusual
tunnel-model conflguration.

Results of the teets of the horizontal tail are presented
in figures 5 to &. Shown in figure 5 for the basic horizontal
surface are the 1ift charascteristics as a function, first, of
angle of attack for several fixed elevetor deflections, and
second, of elevator deflection for geveral fixed angles of
attack. It should be noted on this figure that the deta for
the 1if% characterisgtics in piltch of the surface when compared
with the other data at equivalent test oonditions show a
discrepancy amounting to approximately 1. 5 of elevator deflec-
tion. All data have been thoroughly checked and no explanation
can be found. The data of figure 6 show the effect of Ffixed
deflections of the right elevator tab on the effectiveneas of
the baslc elevator. The effectiveness of the elevator with a
bulged trailling edge, which extended over approximately
L0 percent of the elevator gpan, is shown in figure 7. Also
included in thie filgure 1s a eketch showing the locatlon and
crosg sectlon of the trailling-edge bulge. In figure & elevator
effectiveoness deta are ehown which were obtained with a modi-
fied gap at thc elevator hinge line. For this modification,
detalle of which are shown in figure 8, the ghroud over the
entlre span wes extended thus reducing the gap opening by as
much ae 40 percent =t gome points.

The results of the investigation of the ‘effectiveness of
the rudder are presented in figures 9{a) tg 9{(d) for angles of
glderlip of -0.3°, -3.4 -6.3 and -9.8%, respectively. At

each angle of sideslip, effectiveness dota with the rudder tab
in geveral fixed positions were obtained for the bamic rudder
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surface (gtralght-sided teb) and for the rudder with a bulged
- tab. A sketch showing a crogs-sectional comparison of the
gtrailght-glded and the bulged rudder teb is included in figure

9(&)6 All tests of the rudder were made ~t an nngle of attack
of 0°,

Ames Aeronautical Laboratory,
Natlion~l Advisory Committee for Asronautics,
Moffett Field, Celif.
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